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Fundamental questions for food 
safety policy

How much disease?

Which foods?

Where does contamination 
occur?



Food Attribution

Attribute the burden of foodborne diseases to 
specific foods

Prioritize food safety interventions and control 
measures

What foods are causing the most human 
illness?



Burden of Foodborne 
Illness in the United States

Parasitic

Bacterial

Viral 

Unknown

76,000,000 cases 76,000,000 cases 
per yearper year

??
Paul Mead, et al. Food-Related Illness and Death in the United States Emerging 
Infectious Diseases 1999:5(5); 607-625



Food attribution can occur at different 
points along the farm to fork continuum

Can be estimated from data collected at:
‘Pre-harvest’
‘point of processing’
‘Point of consumption’

Allocating foodborne disease burden:
many ways to slice the pie



CDC attribution efforts

Start with human illness data
Attribute to different sources

Approaches to Food Attribution
Epidemiological 

Outbreaks and case-control studies
Microbiological

Comparison of human, animal and food 
subtypes



CDC epidemiological approaches 
to attribution

Outbreak data
eFORS

Case-control studies
FoodNet



Using Outbreak Data for 
Attribution



Why use outbreak data to allocate 
illness by food commodity?

For most pathogens, it is the only 
conclusive indication of which foods 
cause illness
Represent, to varying degrees, all 
foodborne pathogens 
Represent a wide range of food vehicles
Captures effect of contamination at 
multiple points from farm to fork



CDC Foodborne Outbreak 
Reporting System (eFORS)

Web-based reporting system 
collects epidemiological 
information

Approximately 1,300 reports 
per year

From 1998-2004 generated a 
list of nearly 2,000 
implicated food items



How to use outbreak data to allocate 
illness by food commodity?

Group foods in to categories that make sense 
for industry and regulators
For each pathogen, 

Sum up total number of ill

Calculate percent ill for each food commodity

Finally, sum up total ill weighted by burden of 
illness estimates for each commodity



Hierarchical scheme for categorizing 
food items into commodities

All Food

Land Plant Sea

Meat-Poultry Dairy Egg

Beef

Pork

Poultry

Game

Produce Grains-Beans Oil-Sugar

Fruit-Nuts

Vegetables

Finfish Shellfish

Mollusk

Crustacean

Leafy

Root

Vine-Stalk

Sprouts

Fungus



Percent of illnesses in all 
outbreaks

Beef Pork Veggies Shellfis
h

Total U.S. 
foodborne
illnesses
(CDC 1999 
estimates)

E. coli 50% 0% 40% 0% 62,458

Vibrio 0% 0% 0% 95% 5,122

etc….. …..

TOTAL % % % % 14 million

Hypothetical example
summing all outbreaks (not real data)



What are the challenges of using 
outbreak data for attribution?

Most foodborne illness is sporadic, not 
associated with outbreaks
Need sufficient number of outbreaks per 
pathogen 
Implicated food may not indicate implicated 
ingredient

i.e. Complex foods



Using Sporadic Case Data for 
Attribution



Foodborne Disease Active 
Surveillance Network (FoodNet)

44.1 million (15.2% of U.S. population)

FoodNet Sites 2005



1996 1998 1999 2000 2002

E. coli O157:H7 E. coli O157:H7

Salmonella Group 
B and D

Campylobacter

Cryptosporidium

Listeria

Infant Salmonella
and Campylobacter

Salmonella
Newport and 
Enteritidis

2006

FoodNet Case-Control Studies

Selected 
Salmonella
Serotypes

18 FoodNet case-control studies completed



Driving prevention through studies 
of sporadic cases - Campylobacter
FoodNet:  Case-control study data intake 1998-1997

1316 confirmed cases and 1316 healthy controls  
(Outbreak-associated cases excluded)

Risk Factors  (Population attributable fraction):
• Eating chicken or turkey at a restaurant  (28%)
• Eating other meat at a restaurant   (21%)
• Foreign travel   (12%)
• Contact with animal feces  (6%)
• Drinking surface water  (3%)
• Drinking raw milk  (1.5%)

Friedman et al., 2004.  CID 38  (Suppl 3) S285-S296



e.g. E. coli O157:H7
Summary of outbreaks*

20% due to eating hamburgers
4% due to animal contact

FoodNet sporadic case-control study
15% due to eating pink hamburgers

8% due to visiting a farm

Blending project

*Rangel et al.  EID 11:603-9, 2005



Blending Attribution Project

Sporadic CasesOutbreak Cases Outbreak
AND

Sporadic

Overall Point-of-Exposure Attribution



Other groups working on food 
attribution

Regulatory Agencies
USDA, Food Safety Inspection Service
FDA, CFSAN and CVM
Environmental Protection Agency

Food Safety Research Consortium
University of Maryland
University of Georgia
University of California
Resources for the Future



Conclusions

Variety of approaches used for food 
attribution

Data sources
Complementary approaches

Data gaps identified
Data sources to be used in the future

PulseNet
NARMS
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